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A space weather journey through time
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Average Frequency
Category Effect Physical measure (1 cycle = 11 years)
I "
Category UK Effect US and Global Effect
Scale Descriptor Duration of event will influence severity of effects
Geomagnetic Storms
G5 Extreme |Power systems: Localised voltage control and protective system problems Power systems:widespread voltage control problems and protective system
may occur leading to potential for localised loss of power. Transformers may |problems can occur, some grid systems may experience complete collapse or
experience damage. blackouts. Transformers may experience damage.
Spacecraft operations: may experience extensive surface charging, drag may |Spacecraft operations: may experience extensive surface charging, problems
increase on low-Earth-orbit satellites, problems with orientation, with orientation, uplink/downlink and tracking satellites.
uplink/downlink and tracking satellites.
Other systems: HF (high frequency) radio communication may be impossible [Other systems: pipeline currents can reach hundreds of amps, HF (high
in many areas for one to two days, GNSS(GPS) satellite navigation may be frequency) radio propagation may be impossible in many areas for one to two
degraded for days with possible effects on infrastructure relianton GNSS days, satellite navigation may be degraded for days, low-frequency radio
(GPS) for positioning or timing, low-frequency radio navigation can be out for navigation can be out for hours, and aurora has been seen as low as Florida
hours, and aurora may be seen across the whole of the UK. and southern Texas (typically 40° geomagnetic lat.)**.
G4 Severe Power systems: No significantimpact on UK power grid likely. Power systems: possible widespread voltage control problems and some

Spacecraft operations: may experience surface charging and tracking
problems, drag may increase on low-Earth-orbit satellites, corrections may be
needed for orientation problems.

Other systems: HF radio propagation sporadic, GNSS(GPS) satellite
navigation degraded for hours, low-frequency radio navigation disrupted, and
aurora may be seen across the whole of the UK.

protective systems will mistakenly trip out key assets from the grid.

Spacecraft operations: may experience surface charging and tracking
problems, corrections may be needed for orientation problems.

Other systems: induced pipeline currents affect preventive measures, HF
radio propagation sporadic, satellite navigation degraded for hours, low-
frequency radio navigation disrupted, and aurora has been seen as low as
Alabama and northern California (typically 45° geomagnetic lat.)**.

Spacecraft operations: minor impact on satellite operations possible.

Other systems: migratory animals are affected at this and higher levels; aurora is commonly
visible at high latitudes (northern Michigan and Maine)**.
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Space Weather Energy

FORECASTER OVERVIEW WARNINGS AND ALERTS

M-class flare likely over the next few days. Sudden impulse at
ACE at 2130 UTC possible CME from 3rd May. Geomagnetic -

R1 21:0020/05

Solar activity is expected to remain maderate over the coming days the Radio blackout - 0300 21/05
e-t ce large sunspot groups AR2055 and AR2056 rotate around the disc and ’
Proton flux > 100 MeV RS RREEFESEIT

Moderate Radio Blackout observed this morning. Further ﬂ Active alerts A Warnings

Energy

FORECASTER OVERVIEV become more geo-effective. Geomagnetic activity is expected to stay
start ACTIVE but then become generally QUIET. There are a couple
Moderate Radio Blacke equatorial small coronal holes visible on the disc but their impact is Proton flux > 10 MeV - -
thought to be minimal. With AR2051 now rotated completely out of
view a proton event seems unlikely now and electrons should stay a Kp - -
background values.

M-class flare likely over 1
ACE at 2130 UTC possibl

Kuk - -

Solar activity is expected to Issued 8 May 2014 at 12:00

large sunspot groups AR20: Electrons - -
become more geo-effective

start ACTIVE but then becor

equatorial small coronal ho

thought to be minimal. Witk GEOMAGNETIC STORM FORECAST

view a proton event seems

background values. Probabilities of geomagnetic storms Geomagnetic commentary

Level Past 24 h.

Probability The largest flare over the last 24 hours was

M1.2 flare at 16:29 UTC from AR2051 which

M'Qé’errgie GltoGz  No 65 05 05 05 has revolved around the western limb. With
one beta-gamma spot (AR2055) and one
Strong G3 No 45 01 01 01 beta-gamma-delta spot (AR2056) there is still
a risk of further M-class flare activity over the
SOLAR TIMELAPSE Severe G4 No 01 01 01 01 next few days.

Extreme G5 Issued 8 May 2014 at 12:00

ACE MAGNETOMETER

-.‘W/.":'"

BGS 3-HOURLY KP INDEX

z
No Earth directed CMEs have been observed. Maximum solar wind £
speed is 500 km/s
Issued 8 May 2014 at 12:00
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<= Public communication

Met Office  Public want information

S PAC E g Met Office Space @MetOfficeSpace Oct 19
—

W EATH[ LRI | arge sunspot (AR2129) appearing over the eastern (left) edge of the Sun.
Forecasters will monitor it closely over the coming days

 Public communications

« UK/ US bilateral meeting on public
communications
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UK SPACE WEATHER — THE BIG PICTURE
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BIS- art. iness, Innovation & Skills FCO- Foreign and Commonwealth Office DH- Depart. Health SCGs- Strategic Coordination Groups
DECC- Depdrt. Energy & Climate Change OFGEM- Office of Gas & Electricity Markets PHE- Public Health England STACs- Scientific & Technical Advice
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<> Products to verify
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» Space weather forecasters produce guidance twice daily.
« Guidance includes probability forecasts for the next 4 days of:

geomagnetic storms,
X'ray flares, Geo-Magnetic Day 1 Day 2 Day 3 Day 4

. Storm Past24 | (9924 uTC) | (00-24UTC) | (00-24 UTC) | (00-24 UTC)
high energy proton events, Liseri
high energy electron events. | -----
- ENEEEN NS
- KENEN NS
[ & [ & | ¢ | ¢ | ¢ |

Day 1 Day 2 Day 3 Day 4
X Ray Flares P:S‘ 24 (00-24 UTC) | (00-24 UTC) | (00-24UTC) | (00-24 UTC)
ours
Probability (Yes/No)
{Exceedance)

R

Example probability

recass -----




<7~ Models to verify

Met Office

» Enlil: predicts solar wind speed & density
between Sun & Earth for next few days.

« REFM: 3-day forecast of high-energy
electrons at GEO orbit.

 D-RAP: Global map of real-time D region
absorption predictions.

« MIDAS & Bernesse: Nowcasting Total
Electron Content in ionosphere.
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014 20:45 (UTC)
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<= Future work

Met Office

ENLIL

 Low resolution ensemble

« Compare WSA with NLFF (Yeates & Mackay)

Implement BAS Radiation-belt model

Review magnetospheric models

« BATSRUS / GUMICS
SEP model (UCLan Cross-field diffusion code)

Forecaster competency framework
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<7~ Future work

Met Office

e Socio-economic study — funding approved

* Working with SWPC & SANSA
» Cost of space weather
» Benefits of forecasts
» Benefits of monitoring assets

* Developing off-Sun-Earth
satellite proposal

* L5 workshop, London 11-
14 May
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Mark.gibbs@ metoffice.gov.uk
Phone: +44 (0)7867 501403
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Solar wind persistence

REFM

DRAP

MIDAS & Bernesse TEC maps
— pre-op evaluation
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gMet Office Space Weather Technical Forecast

Figure 3: SDO/AIA 171/183211 Angstrom composite image, showing the dominant dark
blue of the southem polar coronal hole. The northernmost lobe is increasingly shearing
forward as it reaches lower latitudes with their faster rotation than the poles.
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=Z7=Met Office Space Weather Technical Forecast

Radio Blackouts - X Ray Flares:

Solar actwity has been Low through Saturday, with the largest flare of the day a C1.8 from sunspot
region 22638 at 21:35 UTC. A:ti.'ir,.' has shown a marked downtum in the past 24 hours, with the
sx- hour pericd in M-class flares of recent days replaced by a flat GOES-15 X-ray trace near the
B/C boundary today. This is despite 2277 appearing to still retain a Delia spot in its intermedizs
portion, with this and 2268 still Zurich Fki groups. While both groups are spreading laterally (

IS now 23 dagrees across), them is some consolidation of spots within each group, which may 'Elp
to explain part of the lack of activity. MOSWOC raw global probabilities for flares mmain near 80%
for M-class and 20% for X based on the F-groups, however these are fek to be overestimates, and
have been amended downwards o 0 and 10 respactively basad on sunspot age and lack of even
C-class activity.

Figure 4: The two Zurich Fki groups on the disc: 2268 (top) and 2277 (bottom). HMI flatte ned
intensitygram (left) and HMI colorized magnetogram (right). All images 22 UTC. The
possible Mt Wilson Delta spot is the northeastmostleading spot in 2277.




